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(5?) The present invention provides a semicon- 
ductor device for use in a light valve (e.g. in an 
LCD display) and a process for producing the 
same. The semiconductor device has a support 
layer (14,15) with transistor elements (5-7) pro- 
vided thereon. The semiconductor device is 
characterised by a thin film layer (1) including a 
surface insulating film (3), a single crystal semi- 
conductor thin film (4) disposed below said 
surface insulating fOm and having a source 
region (6), a drain region (7) and a channel 
forming region (5) for constituting each said 
transistor element, an insulating film (8) dis- 
posed on the side of the single crystal semicon- 
ductor thin film opposed to said surface 
insulating film for providing a gate insulator, an 
electrode film (9) disposed on the side of the 
insulating film opposed to said single crystal 
semiconductor thin film for providing a gate 
electrode of each said transistor element, and a 
back insulating film (10) disposed at least over 
the electrode film on the side thereof opposed 
to said insulating film, said support layer being 
fixedly adhered in face to face relation with said 



back insulating film. The process for manufac- 
turing the device comprises a first step of for- 
ming an SOI substrate having a single crystal 
semiconductor thin film (22 ; Fig. 15) laminated 
on a tentative substrate (20) through an insula- 
ting film (21); a second step of forming a 
semiconductor integrated circuit for said single 
crystal semiconductor thin film ; a third step of 
adhering a support substrate (24,25) fixedly in 
face to face relation with the surface of the 
semiconductor integrated circuit opposite the 
side of the tentative substrate ; a fourth step of 
removing the tentative substrate to expose the 
insulating film (21) to the outside ; and a fifth 
step of subjecting exposed surface of the insu- 
lating film to a treatment including at least the 
forming of an electrode. 
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The present invention relates to a semiconductor 
device for use in a light valve device, and to a process 
for manufacturing the same. 

In a prior art active matrix device, thin film transis- 
tors are formed on the surface of an amorphous sili- 
con thin film or a polycrystalline silicon thin film 
deposited over a glass substrate. The transistor ele- 
ments formed on the amorphous or polycrystalline sili- 
con thin film are generally of a field effect insulated 
gate type. The amorphous silicon thin film or the 
polycrystalline silicon thin film can easily be deposited 
over the glass substrate by chemical vapour deposi- 
tion so that the structure is suited for manufacturing an 
active matrix liquid crystal display device having a 
relatively large frame. At present, a commercially pro- 
duced active matrix liquid crystal display device using 
the amorphous silicon has an area of about 3" (7.62 
cm) to 10" (25.4 cm). The amorphous silicon thin film 
is suitable for a liquid crystal panel having a large area 
because it can be formed at a low temperature equal 
to or less than 350°. On the other hand, an active mat- 
rix liquid crystal display device using the polycrystal- 
line silicon thin film is commercially produced at 
present with a small size liquid crystal display panel 
as wide as about 2" (5.08 cm). 

However, while the prior art active matrix liquid 
crystal display device using the amorphous silicon 
thin film or the polycrystalline silicon thin film is suit- 
able for a direct viewing type of display device requir- 
ing a relatively large frame and image plane, it is not 
always suitable for a miniaturized device in which the 
density of the pixels is increased. The demand for a 
microminiature display device or a light valve device 
having a fine and highly dense arrangement of pixels 
has increased in recent years. Such a microminiatur- 
ised light valve device is utilized in the primary image 
forming plane of a projection type of imaging device, 
for example, and may be applied to a projection type 
of high definition TV system. The fine semiconductor 
manufacturing technology can be used to manufac- 
ture a microminiature light valve device which has a 
pixel size in the order of 10 jam and a total size of about 
several cm. 

In cases, however, where the amorphous or 
polycrystalline silicon thin film according to the prior 
art are used, transistor elements of the order of sub- 
microns cannot be formed by fine semiconductor pro- 
cessing technology. Since the amorphous silicon thin 
film, for example, has a mobility of about 1 cm 2 A/sec, 
a driver circuit required to have a high speed oper- 
ation cannot be formed over a common substrate. In 
the case of the polycrystalline silicon thin film, on the 
other hand, the crystal particle has a size of about sev- 
eral um, thus necessarily raising a problem that the 
miniaturization of active elements is restricted. 

An alternative semiconductor device, which is 
widely available, has its transistor elements formed 
on the surface of a single crystal substrate. Figure 2 



is a section showing such a semiconductor device. 
Generally speaking, the semiconductor device com- 
prises a single crystal semiconductor substrate 101 
made of silicon. 
5 Specifically, the single crystal semiconductor 

substrate 101 has its surface formed integrally and 
highly densely with transistor elements or the like by 
impurity diffusion and a film forming process. In the 
example shown in Figure 2, the single crystal semi- 

w conductor substrate 101 has insulated gate field 
effect transistors formed thereover. Each element 
region to be formed with a transistor is enclosed by a 
field insulated film 102. The element region is formed 
with a source region 103 and a drain region 1 04 by the 

15 impurity doping process. Between the source region 
103 and drain region 104 there is formed a region 105 
for forming the channel of the transistor. This channel 
forming region 105 has a gate electrode 107 formed 
thereabove over a gate oxide film 106. The transistor 

20 element composed of the gate electrode 107, the 
source region 103, the drain region 104 and so on is 
covered with an interlayer insulating film 108. A 
source electrode 109 and a drain electrode 110 for 
wiring the individual transistors extend through con- 

25 tact holes formed in the interlayer insulating film 108. 

The prior art semiconductor device including a 
substrate made of the silicon single crystal, as des- 
cribed above, is superior, in the high speed of its oper- 
ation and the high density of the transistor elements 

30 and so on, to the aforementioned amorphous silicon 
thin film and polycrystalline silicon thin film semicon- 
ductor devices. 

Since, however, the silicon single crystal sub- 
strate is opaque, it cannot be employed as it is in a 

35 device, such as a light valve device, requiring a trans- 
parent substrate. 

In recent years, on the other hand, an image pro- 
jection system using a light valve device has begun to 
be employed. This image projection system is desired 

40 to have a smaller size, less weight and a finer projec- 
tion image. Accordingly, an integrated circuit of the 
semiconductor device for use in the light valve device 
is required to have a far higher density. 

Incidentally, the prior art semiconductor device is 

45 formed with the transistor elements by subjecting one 
face of the single crystal semiconductor substrate 101 
sequentially to the impurity doping process and the 
film forming process. These processes are always 
carried out from one face only so that the films are 

so sequentially laminated. As a result, once the lower 
layer is processed and laminated with an upper layer, 
it cannot be subjected to an additional treatment any- 
more, thus raising a problem that the step design is 
restricted in various points. 

55 Although the semiconductor substrate 101 has a 

front surface and a back surface opposed to each 
other, the semiconductor device is formed by making 
use of the front surface of the semiconductor sub- 
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strate 101 only. Thus, the wiring of an integrated cir- 
cuit is concentrated only at the front surface while 
leaving the back surface unused. As a result, an area 
restriction is imposed on the wiring density, which 
raises a problem that a far higher density of the inte- 
grated circuit cannot be expected. If the back surface 
of the semiconductor substrate could be utilized as 
the wiring face, the integration density could be effec- 
tively doubled. Nevertheless, this two-face wiring has 
been impossible with the prior art structure. 

In order to raise the integration density, it has also 
been proposed to wire multiple layers on one face of 
the semiconductcr substrate. With these multi-wiring 
operations, however, the flatness of the semiconduc- 
tor substrate surface is degraded, which raises a 
problem that an open defect arises in step portions or 
another short-circuit defect occurs. 

In the structure of the prior art, the transistor ele- 
ments are directly integrated on the front surface of 
the single crystal semiconductor substrate. As a 
result, this single crystal semiconductor substrate is in 
an integral relation with the transistor elements for- 
med thereover. In other words, the integrated circuit 
is always supported by the single crystal semiconduc- 
tor substrate. Depending upon the intended appli- 
cation of the semiconductor device, however, the use 
of the single crystal semiconductor substrate as the 
support substrate is frequently improper. Since this 
support substrate cannot be freely set, the existing 
structure has a problem in that there is no flexibility in 
the application range of the semiconductor device. 

In view of the problems of the aforementioned 
various prior art arrangements, it is an object of the 
present invention to provide a semiconductor device 
in which a single crystal semiconductor thin film can 
have both of its faces processed to make double sided 
wiring possible. 

The invention achieves this by adhering the 
single crystal semiconductor thin film through an 
insulating film to a support substrate, preferably made 
of the same material as the semi-conductor single 
crystal thin film, to form electrodes and various ele- 
ments over the single crystal semiconductor thin film, 
and by subsequently removing the support substrate 
to form further electrodes and so on over the insulat- 
ing film too. 

According to the present invention, there is pro- 
vided a semiconductor device having a support layer 
with transistor elements provided thereon, character- 
ised by a thin film layer including a surface insulating 
film, a single crystal semiconductor thin film disposed 
below said surface insulating film and having a source 
region, a drain region and a channel forming region for 
constituting each said transistor element, an insulat- 
ing film disposed on the side o'the single crystal semi- 
conductor thin film opposed to said surface insulating 
film for providing a gate insulator, an electrode film 
disposed on the side of the insulating film opposed to 
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said single crystal semiconductor thin film for provid- 
ing a gate electrode of each said transistor element, 
and a back insulating film disposed at least over the 
electrode film on the side thereof opposed to said 
5 insulating film, said support layer being fixedly 
adhered in face to face relation with said back insulat- 
ing film. 

By means of the invention, it is possible to provide 
a highly dense semiconductor device having a stable 
10 operation. 

The support layer may be a two layer structure 
including a support substrate fixedly adhered in face 
to face relation to the back insulating film by way of an 
adhesive film. Alternatively, the support layer may be 
15 a single layer structure moulded from an adhesive 
material. 

Advantageously, the support layer is made of an 
optically transparent material. 

Each transistor element preferably comprises a 

20 source region and a drain region formed in the single 
crystal semiconductor thin film in self-alignment with 
the gate electrode. 

The channel forming region of each transistor ele- 
ment may conveniently have its conductivity set 

25 selectively by the selective introduction of an impurity 
through the surface insulating film during production. 

According to another aspect of the present inven- 
tion, there is provided a process for manufacturing a 
semiconductor device characterised by a first step of 

30 forming an SOI substrate having a single crystal semi- 
conductor thin film laminated on a tentative substrate 
through an insulating film; a second step of forming a 
semiconductor integrated circuit for said single crystal 
semiconductor thin film; a third step of adhering a sup- 

35 port substrate fixedly in face to face relation with the 
surface of the semiconductor integrated circuit oppo- 
site the side of the tentative substrate; a fourth step 
of removing the tentative substrate to expose the 
insulating film to the outside; and a fifth step of sub- 

40 jecting the exposed surface of the insulating film to a 
treatment including at least the forming of an elec- 
trode. 

Another object of the present invention is to pro- 
vide a light valve device having a large capacity and 

45 capable of displaying a fine image. 

According to this aspect of the present invention, 
there is provided a light valve device comprising a 
drive substrate having drive electrodes and drive cir- 
cuits for exciting said drive electrodes in response to 

so predetermined signals; an opposed substrate 
arranged opposite to said drive substrate; and an 
electro-optical material layer arranged between said 
drive substrate and said opposed substrate, charac- 
terised in that said drive substrate includes a transpa- 

55 rent insulating film 'ayer and a single crystal 
semiconductor thin filr formed over said transparent 
insulating thin film layer, said drive circuits include 
transistor elements formed in said transparent 

4 
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insulating thin film layer, and said drive electrodes are 
integrally arranged on said single crystal thin film layer 
and electrically connected with said drive circuits 
whereby they are excitable by said drive circuits to act 
upon said electro-optical materia] layer for controlling 
the optical transparency of the same. 

Advantageously, optical leakage of the transistor 
element is prevented by forming a light shielding film 
on that surface of the transparent insulating thin film 
layer which is opposed to the surface formed with the 
single crystal semiconductor thin film layer so as to 
cover at least the active regions of the transistor ele- 
ments. 

The light shielding layer may be formed from an 
opaque conductive material and may have a portion 
overlapping the drive electrodes through the transpa- 
rent insulating thin film layer so as to form capacitor 
elements between the light shielding layer and the 
drive electrodes. 

Preferably, the drive electrodes are formed over 
the transparent insulating thin film layer in portions 
from which the single crystal semiconductor thin film 
layer has been removed. 

In one embodiment, the drive substrate has a 
laminated structure including the transparent insulat- 
ing thin film layer, the single crystal semiconductor 
thin film layer formed over the transparent insulating 
thin film layer, and a support substrate fixed in face to 
face relation to the single crystal semiconductor thin 
film layer through an adhesive layer, with the opposed 
substrate and the electro-optical material layer being 
arranged at the side of the transparent insulating thin 
film layer. 

In another embodiment, the drive substrate has a 
laminated structure including the transparent insulat- 
ing thin film layer, and a support substrate fixed 
through an adhesive layer to that side of the transpa- 
rent insulating thin film layer which is opposed to the 
side formed with the single crystal semiconductor thin 
film layer, the opposed substrate and the electro-opti- 
cal substance layer being arranged at the side of the 
single crystal semiconductor thin film layer. 

In the embodiments described below, the electro- 
optical material layer is a liquid crystal layer. For 
example, the electro-optical material layer may be a 
polymer dispersion liquid crystal layer in which a liquid 
crystal is dispersed in a polymer material. 

The drive electrodes of the light valve device may 
be pixel electrodes arranged in matrix formation, and 
the drive circuits may then include switching elements 
also arranged in matrix formation, with the pixel elec- 
trodes being electrically connected with the switching 
elements so as to be selectively excitable by the 
switching elements. 

In this instance, the drive circuits may further 
include scanning circuits for scanning the switching 
elements. The drive circuits may also include image 
signal processor circuits for processing image signals 



input from the exterior for supply to the scanning cir- 
cuits. 

As described, an electrode pad may be formed at 
that surface of the transparent insulating thin film 

5 layer which is opposed to the surface arranged with 
the single crystal semi-conductor thin film, and the 
transparent insulating thin film layer may be formed 
with contact holes through which the drive circuits for- 
med in the single crystal semiconductor thin film and 

io the electrode pad are electrically connected. 

Preferably, the transistor elements are insulated 
gate transistor elements, and portions of the single 
crystal semiconductor thin film between the channel 
regions of the insulated gate transistor elements and 

15 the transparent insulating thin film layer are electri- 
cally grounded to earth. 

One of the drive substrate and the opposed sub- 
strate may be formed thereover with a colour filter for 
a colour display. 

20 According to a further aspect of the present inven- 

tion, there is provided a process for manufacturing a 
light valve device having a semiconductor substrate, 
characterised by a first step of preparing a three layer 
substrate, in which a temporary substrate and a single 

25 crystal semiconductor thin film layer are laminated 
through a transparent insulating thin film layer; a sec-, 
ond step of forming pixel electrodes in portions of said 
three layer substrate from which the single crystal 
semiconductor thin film layer is selectively removed, 

30 and forming said single crystal semiconductor thin 
film layer with drive circuits composed of switch ele- 
ments and driver circuits for supplying signals selec- 
tively to said switch elements; a third step of adhering 
a carrier substrate on the surface of said three layer 

35 substrate which is formed with said pixel electrodes 
and said drive circuits; a fourth step of removing said 
temporary substrate to expose said transparent 
insulating thin film layer; a fifth step of forming through 
holes in predetermined locations in , said exposed 

40 transparent insulating thin film layer and forming a 
metal film on the exposed surface of said transparent 
insulating thin film layer; a sixth step of removing said 
metal film to form a light shielding layer for covering 
at least a portion of said drive circuits and forming an 

45 electrode pad connected with said drive circuits by 
way of said through holes to form said semiconductor 
substrate; and a seventh step of laminating and 
adhering the surface of said semiconductor substrate 
formed with said light shielding layer and an opposed 

so substrate formed with a transparent electrode so as to 
leave a gap between said substances and filling up 
said gap with an electro-optical material. 

According to a still further aspect of the present 
invention, there is provided an image projection sys- 

55 tern comprising a light source; a light valve device for 
guiding light coming from said light source, said light 
valve device comprising a drive substrate having 
drive electrodes and drive circuits for exciting said 

5 
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drive electrodes in response to predetermined sig- 
nals, an opposed substrate arranged opposite to said 
drive substrate, and an electro-optical substance 
layer arranged between said drive substrate and said 
opposed substrate; and an optical lens for magnifying 5 
and projecting an image on said light valve device; 
characterised in that said drive substrate of said light 
valve device includes a transparent insulating thin film 
layer, a single crystal semiconductor thin film layer 
formed over said transparent insulating thin film layer, 10 
and a light shielding layer formed at the surface of said 
transparent insulating thin film layer which is opposed 
to the- side of said single crystal semiconductor thin 
film layer, said drive circuit includes transistor ele- 
ments formed in said transparent insulating thin film is 
layer, said light shielding layer is formed to cover the 
active portions of said transistor elements, and said 
drive electrodes are integrally arranged on said single 
crystal thin film layer and electrically connected with 
said drive circuits so that they are excited by said drive 20 
circuits to act upon said electro-optical substance 
layer whereby to control the optical transparency of 
the same. 

The present invention will be described further, by 
way of example, with reference to the accompanying 25 
drawings, in which;- 

Figure 1 is a schematic section showing a portion 

of a basic structure of a semiconductor device 

according to the present invention, 

Figure 2 is a schematic section showing a portion 30 

of one example of the semiconductor device of 

the prior art, 

Figure 3 is a schematic section showing a portion 
of a first embodiment of the semiconductor device 
according to the present invention, in which a pad 35 
electrode is formed on the face opposed to a wir- 
ing pattern, 

Figure 4(a) is a schematic section showing a por- 
tion of a second embodiment of a semiconductor 
device according to the present invention, in 40 
which gate electrodes are arranged at the two 
sides of a channel forming region, 
Figure 4(b) is a schematic section showing a por- 
tion of a third embodiment of semiconductor 
device according to the present invention, in 45 
which a shielding layer is formed on a gate elec- 
trode at the side of a support substrate. 
Figure 5 is a schematic section showing a portion 
of a fourth embodiment of the semiconductor 
device according to the present invention and so 
showing an example of a DRAM structure. 
Figure 6 is a schematic section showing a portion 
of a fifth embodiment of the semiconductor device 
according to the present invention, in which a wir- 
ing pattern of a semiconductor integrated circuit 55 
is divided into those of two upper and lower faces, 
Figure 7 is a schematic section showing a portion 
of a sixth embodiment of the semiconductor 



device according to the present invention, in 
which a support substrate has a single-layer 
structure, 

Figure 8 is a schematic section showing a portion 
of a seventh embodiment of the semiconductor 
device according to the present invention, in 
which a support substrate is formed with degasi- 
fying holes, 

Figure 9 is a schematic section showing a portion 
of an eighth embodiment of the semiconductor 
device according to the present invention and 
showing an MROM structure. 
Figure 10 is a schematic section showing a por- 
tion of a ninth embodiment of the semiconductor 
device according to the present invention and 
showing an example of a semiconductor device 
used as a light valve driving substrate. 
Figure 11 is a process diagram for explaining a 
first step of a process for manufacturing a semi- 
conductor device according to the present inven- 
tion, 

Figure 12 is a process diagram for explaining a 
second step of the process for manufacturing the 
semiconductor device according to the present 
invention, 

Figure 13 is a process diagram for explaining a 
third step of a process for manufacturing a semi- 
conductor device according to the present inven- 
tion, 

Figure 14 is a process diagram for explaining third 
and fourth steps of the process for manufacturing 
the semiconductor device according to the pre- 
sent invention. 

Figures 15(a) to 15(c) are process diagrams for 
explaining a process for manufacturing a semi- 
conductor device of a tenth embodiment accord- 
ing to the present invention, 
Figure 16 shows an eleventh embodiment of the 
semiconductor device according to the present 
invention and is a top plan view showing a light 
valve substrate, 

Figure 17 is a section taken along line A - A'-ef 
Figure 16, 

Figure 1 8 is a section showing a light valve device 
using a semiconductor device using a substrate. 
Figures 19(a) to 19(g) are diagrams for explaining 
the steps of manufacturing a semiconductor sub- 
strate for the light valve device and shows a 
twelfth embodiment of the present invention, 
Figure 20 is a diagram for explaining a pad lead- 
out portion of the semiconductor substrate for the 
light valve device of the present invention. 
Figures 21 (a) to 21 (d) showing a thirteenth embo- 
diment according to the present invention for exp- 
laining a process for constructing a 
semiconductor device as a light valve device: Fig- 
ure 21(a) is a top plan view showing a layout of a 
semiconductor substrate; Figure 21(b) is a sec- 
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tion showing a composite substrate using said 
semiconductor substrate; Figure 21(c) is an 
enlarged explanatory view showing a portion of a 
pixel region; and Figure 21(d) is a section show- 
ing the light valve device. 

Figures 22(a) and 22(b) are an enlarged top plan 
view and a section showing a pixel region show- 
ing a light valve device according to the present 
invention. 

Figures 23(a) to 23(e) show a fourteenth embodi- 
ment according to the present invention and are 
process diagrams showing steps of manufactur- 
ing a pixel portion of a light valve device semicon- 
ductor device, 

Figure 24 shows a fifteenth embodiment accord- 
ing to the present invention and is an exploded 
perspective view for explaining a light valve 
device, 

Figures 25(a) and 25(b) are sections showing a 
sixteenth embodiment according to the present 
invention, in which the semiconductor device is 
constructed as a light valve device. 
Figures 26(a) to 26(e) show a seventeenth embo- 
diment according to the present invention and are 
process diagrams showing a process for man- 
ufacturing a light valve device, 
Figure 27 shows an eighteenth embodiment 
according to the present invention and is an exp- 
loded perspective view for explaining a light valve 
device. 

Figure 28 shows a nineteenth embodiment 
according to the present invention and is a sec- 
tion for explaining an image projection system 
using a light valve device. 

Figure 1 is a section showing a portion of a basic 
structure of a semiconductor device according to the 
present invention. As shown, a semiconductor device 
according to the present invention is composed of a 
thin film laminated layer 1 formed integrally with tran- 
sistor elements and a support layer 2 for supporting 
the thin film laminated layer 1 . This thin film laminated 
layer 1 has a surface insulating film 3 having a flat face 
to be formed with electrodes., Below this surface 
insulating film 3. there is arranged a single crystal 
semiconductor thin film 4. This single crystal semicon- 
ductor thin film 4 is formed not only with a channel 
forming region 5 for each transistor element but also 
with a source region 6 and a drain region 7 which 
merge into the channel forming region 5. Below the 
single crystal semiconductor thin film 4, there is 
arranged through a gate oxide layer 8 an intermediate 
electrode film which forms a gate electrode 9 of the 
transistor element Below said intermediate electrode 
film, moreover, there is arranged a back layer film 10. 
This back layer film 10 is formed with contact holes 
which extend to the source region 6 and the drain reg- 
ion 7 so that a source electrode 11 and a drain elec- 
trode 12 are arranged therethrough. The source 



electrode 1 1 and drain electrode 12 are wired all over 
one face of the back layer film 10. Incidentally, this 
back layer film 10 is composed of a field insulating 
layer 13 surrounding an element region to be formed 

5 with the transistor element and an insulating layer 
covering the gate electrode 9. The thin film laminated 
layer 1 thus far described is supported by the support 
layer 2. In other words, this support layer 2 is fixedly 
adhered in face-to-face relation to the back layer film 

10 10. 

Preferably, said support layer 2 has a two-layer 
structure composed of an adhesive film 14 applied to 
the back layer film 10 and a support substrate 15 
fixedly adhered in face T to-face relation by the adhe- 

15 sive film 14. Alternatively, the support layer 2 may 
have a single-layer structure moulded of an adhesive. 
The adhesive to be used for this fixed face adhesion 
can be a fluid material composed mainly of silicon 
dioxide, for example. The support substrate 15 may 

20 be formed in advance with through holes for releasing 
the gas which is generated during a heat treatment of 
the adhesive. Moreover, the material for the support 
substrate 15 may be freely selected from an optically 
transparent material such as quartz in addition to the 

25 semiconductor such as silicon- 
Each of the transistor elements formed integrally 
in the thin film laminated layer 1 has the source region 
6 and the drain region 7, which are formed in the 
single crystal semiconductor thin film in self-align- 

30 ment with the gate electrode 9. The surface insulating 
film 3 positioned over the single crystal semiconduc- 
tor thin film 4 and formed with the channel forming reg- 
ion 5, the source region 6 and the drain region 7 has 
a flat face so that it can be freely formed, if necessary, 

35 with a variety of electrodes. For example, a capacity 
element can be formed in the surface insulating film 
3, by forming an opposed electrode over the surface 
insulating film 3 such that it is opposed to the drain 
region 7. Then, it is possible to manufacture a semi- 

40 conductor device having a DRAM structure. Alterna- 
tively, a transparent electrode can be so formed over 
said surface insulating film 3 that it is electrically con- 
nected with the drain region 7 to form a pixel. The 
semiconductor device having such structure can be 

45 applied as a drive substrate for a light valve. Through 
the contact holes formed to extend through the sur- 
face insulating film 3, furthermore, there may be for- 
med over the surface insulating film 3 a wiring 
electrode which is connected with the terminal portion 

so of each transistor element Then, the wiring of the 
integrated circuit can be accomplished on the two 
faces of the thin film laminated layer 1 to improve the 
effective wiring density. Alternatively, an optical leak- 
age preventing shielding film can be formed over said 

55 surface insulating film3 so as to cover at least the 
channel forming region 5 of each transistor element 
formed in the single crystal semiconductor thin film 4. 
Moreover, an additional gate electrode can be formed 
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over said surface insulating film 3 such that it is alig- 
ned with the channel forming region 5 of each transis- 
tor element formed in the single crystal semiconductor 
thin film 4. The performance of the transistor can be 
improved by controlling the channel forming region 5 5 
by a pair of opposed gate electrodes. Furthermore, a 
pad electrode for external connection can be formed 
over the surface insulating film 3. Since this pad elec- 
trode has a relatively large area, the packaging den- 
sity of the integrated circuit can be substantially 10 
improved by separating it from the wiring line of the 
integrated circuit at the back and arranging it on the 
surface. 

The channel forming region 5 formed in the single 
crystal semiconductor thin film 4 can be processed ts 
from the side of the surface insulating film 3. By dop- 
ing the channel forming region 5 selectively with an 
impurity through the surface insulating film 3, for 
example, the conductivity of the channel forming reg- 
ion 5 can be set individually and selectively. Thus, it 20 
is possible to provide a semiconductor device having 
an MROM structure. 

Next, a process for manufacturing the semicon- 
ductor device having the basic structure shown in Fig- 
ure 1 will be described with reference to Figures 15(a) 25 
to 1 5(c). First of all, a first step is performed (as shown 
in Figure 1 5(a)) for forming an SOI substrate 23 which 
has a single crystal semiconductor thin film 22 lami- 
nated over a tentative substrate 20 through an insulat- 
ing fUm 21. Next, a second step is performed for 30 
forming a semiconductor integrated circuit with res- 
pect to said single crystal semiconductor thin film 22. 
Subsequently, a third step is performed (as shown in 
Figure 15(b)) for fixedly adhering a support substrate 
in face-to-face relation through an adhesive layer 25 35 
to the surface of the formed integrated circuit at the 
side opposed to said tentative substrate 20. 
Moreover, a fourth step is performed (as shown in Fig- 
ure 15(c)) for removing said tentative substrate 20 to 
expose the flat insulating film 21 to the outside. Fin- 40 
ally, a fifth step is performed for forming an electrode 
at least on the exposed flat surface of the insulating 
film. 

Preferably at said first step, the semiconductor 
substrate made of single crystal silicon is thermally 45 
bonded at first to the tentative substrate of silicon 
through the insulating film of silicon dioxide. After this, 
said semiconductor substrate is polished and thinned 
to form the SOI substrate. For forming the insulating 
film, a silicon nitride film may be deposited at first as so 
a surfacing treatment on the tentative silicon sub- 
strate, and then the silicon dioxide layer may be depo- 
sited by the CVD. This CVD silicon dioxide layer has 
excellent adhesion to the semiconductor substrate so 
that the semiconductor substrate can be thermally 55 
bonded in a fixed manner. The silicon nitride layer 
thus deposited as the surfacing treatment serve as an 
etching stopper at a later step. At the aforementioned 



fourth step, the tentative substrate can be etched off 
by using the silicon nitride layer as the etching stop- 
per. As a result, a flat insulating film is exposed to the 
outside. 

The aforementioned third step is performed by 
fixedly adhering the support substrate in face-to-face 
relation to the surface of the semiconductor integrated 
circuit by using a fluid adhesive composed mainly of 
silicon dioxide, for example. Alternatively, much 
adhesive may be fed to the surface of the semicon- 
ductor integrated circuit and solidified to form the sup- 
port substrate having a single-layer structure. 

In the semiconductor device according to the pre- 
sent invention, transistor elements are integrally for- 
med in the thin film laminated layer. This thin film 
laminated layer has its back formed with a wiring pat- 
tern for the transistor elements and its surface flat- 
tened and exposed to the outside. As a result, a 
variety of electrodes can be formed suitably and 
additionally according to the design specifications on 
the exposed flat surface. The so-called "double-side 
wiring" can be accomplished to density the integration 
of the semiconductor device. The channel forming 
region of each transistor element is formed in the 
single crystal semiconductor thin film. Through this 
surface insulating film, there can be accomplished 
additional processes upon the single crystal semicon- 
ductor thin film. The so-called "double side treatment" 
can be accomplished to increase the degree of free- 
dom for step designing of the semiconductor man- 
ufacture process. To the back of the thin film 
laminated layer, the support substrate is fixedly 
adhered in face-to-face relation through the adhesive 
film. As a result, the material for and the shape of the 
support substrate can be freely selected in accord- 
ance with the design specifications. 

The semiconductor device having many such 
advantages can be manufactured by making use of 
the SOI substrate. First of all, the ordinary semicon- 
ductor manufacturing process is applied to the SOI 
substrate to form a group of thin film transistor ele- 
ments. The support substrate is fixedly adhered in 
face-to-face relation by an adhesive to that surface of 
the SOI substrate, which is formed with such element 
group. After this, the tentative substrate portion of the 
SOI substrate is removed to expose the flat insulating 
film face to the outside^ Thus, the grouped thin film 
transistor elements can be transferred from the SPI 
substrate to the support substrate to provide a semi- 
conductor device which can be easily subjected to the 
double-sided treatment and wiring process. 

By using the SOI substrate, like the case of the 
single crystal silicon wafer of the prior art, the LSI 
manufacturing technology can be utilized to form 
remarkably fine thin film transistor elements. The SOI 
substrate is structured, as has been described herein- 
before, such that the single crystal semiconductor thin 
film made of silicon is laminated on the tentative sub- 
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strate through the insulating film. This single crystal 
semiconductor thin fBm is superior in physical charac- 
teristics to the polycrystalline silicon thin film or the 
amorphous silicon thin film so that it is suited for the 
LSI manufacture. Since the polycrystalline silicon thin 
film, if used, has a crystal particle size of several urn, 
it necessarily restricts the fine structure of the thin film 
transistor elements, tn addition, the polycrystalline 
silicon thin film has a film forming temperature of 
about 600°C and makes it difficult to exploit the 
miniaturizing technology or LSI manufacture technol- 
ogy requiring a high-temperature process of 1 ,000° C 
or more. On the other hand, the amorphous silicon 
thin film has, if used, a film forming temperature of 
about 300°C and makes it impossible to use a high- 
temperature treatment required from the LSI man- 
ufacture technology. On the contrary, the single 
crystal semiconductor thin film is excellent in crystal 
uniformity and thermally stable so that it can be freely 
treated at a high temperature to form fine single crys- 
tal thin film transistor elements. Since, moreover, the 
single crystal silicon thin film has a higher charge 
mobility than the polycrystalline silicon thin film or 
amorphous silicon thin film, it is possible to provide 
transistor elements which are excellent in high-speed 
responsiveness. 

Next, a first preferred embodiment of the present 
invention will be described in detail in the following. 
Figure 3 shows the embodiment, in which an inte- 
grated circuit wiring and an externally connecting pad 
electrode are separately formed on the upper and 
lower two faces. As shown, the thin film laminated 
layer 1 is formed with each of an insualted gate field 
effect transistor elements. This transistor element has 
its channel forming region 5, source region 6 and 
drain region 7 formed in the common single crystal 
silicon thin film 4. This single crystal silicon thin film 4 
is covered with the surface insulating film 3 having a 
flat face. Below the channel forming region 5, there is 
arranged through the gate oxide film 8 the gate elec- 
trode 9. Below this gate electrode 9, there is formed 
the back layer film 10. This back layer film 10 is made 
of an inter-layer insulating film for covering and 
perotecting the gate electrode 9. Moreover, the field 
insulating film 13 is formed to surround the transistor 
element The back layer film 10 is formed with contact 
holes, through which are formed the source electrode 
1 1 connected with the source region 6 and the drain 
electrode 12 connected with the drain region 7. The 
source electrode 11 and drain electrode 12 are wired 
in accordance with a predetermined pattern to con- 
nect the individual transistor elements along one face 
of the back layer film 10. To one face of the back layer 
film 10, there is fixedly adhered in face-to-face relation 
through the adhesive film 14 the support substrate 15 
which supports the thin film laminated layer 1. 

The thin film laminated layer 1 is partially formed 
with a through hole 16. This through hole 16 can be 



formed by etching the field insulated film 13 selec- 
tively. The surface insulating film 3 is formed there- 
over with a pad electrode 17 for connecting the drain 
electrode 12 electrically through the through hole 16. 

5 The pad electrode 17 is provided for electric connec- 
tion between the semiconductor device and an exter- 
nal circuit and is wire-bonded, for example. For this 
purpose, the pad electrode is given a size of about 
1 00 u.m square far larger than that of the transistor ele- 

10 ment. Thus, the pad electrode occupying an espe- 
cially large area is separated from the back wiring of 
the integrated circuit and formed on the surface so 
that the area of the back can be effectively exploited. 
Moreover, the pad electrode can be firmly formed by 

75 vacuum-evaporating metal aluminium over the sur- 
face insulating film 3 which is remarkably excellent in 
flatness. As a result, it is possible to perform a highly 
reliable wiring bonding. 

Figure 4(a) shows a second embodiment of the 

20 semiconductor device according to the present inven- 
tion. The same components as those of the embodi- 
ment shown in Figure 3 are designated by the 
identical reference numerals so that they can be 
easily understood. In the present embodiment, an 

25 additional gate electrode 1 8 is added to the gate elec- 
trode 9 which is formed previously. The additional 
gate electrode 18 is patterned over the surface 
insulating film 3 in alignment with the channel forming 
region 5 which is formed in the single crystal silicon 

30 thin film 4. As a result, the channel forming region 5 
has its conductivity controlled downwardly and 
upwardly by the paired gate electrodes 9 and 18. With 
this structure, the transistor element has its threshold 
voltage determined substantially only by the material 

35 characteristics of the single crystal silicon thin film 4 
but hardly by the influences of other size or shape fac- 
tors so that the dispersion of electro-characteristics is 
reduced. By controlling the conductivity of the channel 
forming region simultaneously upwardly and down- 

40 wardly, moreover, the ON/OFF characteristics of the 
transistor element can be remarkably improved to 
establish a high current Unlike the prior art in which 
the gate electrode is formed only at one side, the back 
channel can be effectively prevented to improve the 

45 transistor characteristics. Accordingly, the channel 
length of the channel forming region can be 
miniaturized to an order of sub-micron, as compared 
with the prior art. 

In the present invention, after the thin film transis- 

so tor elements have been formed by using the SOI sub- 
strate, they are transferred to the support substrate 1 5 
to provide the semi-conductor device. As a result of 
this transfer, unlike the prior art, the gate electrode 9 
is positioned below the channel forming region 5, 

55 which has its upper side opened for an additional pro- 
cessing. Thanks to this structure, the additional gate 
electrode 18 can be remarkably easily formed. 

As has been described hereinbefore, the present 
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invention uses the SOI substrate to form the transistor 
elements for the single crystal silicon thin film. The 
single crystal silicon thin fflm is superior in miniaturi- 
zation and high-speed responsiveness to the polyc- 
rystalline silicon thin film or the amorphous silicon thin 
film but is defective in that a higher optical leakage 
current will flow into the channel forming region. This 
optical leakage current increases the offset current of 
the transistor elements thereby to deteriorate the 
ON/OFF characteristics. In order to prevent establish- 
ment of that optical leakage current, the additional 
gate electrode 18 may preferably be exemplified by a 
shielding film having shielding characteristics. For 
example, after the metal aluminium has been depo- 
sited all over the flat face of the surface insulating film 
3 t a predetermined patterning is performed to form the 
additional gate electrode 18 so that an effective 
shielding film can be formed. 

Figure 4(b) shows a third embodiment of the 
semiconductor device according to the present inven- 
tion. The same components as those of the embodi- 
ment shown in Figure 1 are designated by the 
identical reference numerals so that they can be 
easily understood. In the present embodiment, a sup- 
port substrate 15 is transparent by constrast with the 
second embodiment shown in Figure 4(a) wherein a 
light shielding layer is formed on an insulating film 3 
with an opaque support substrate 15. In the present 
instance light scattered from the surface of the sup- 
port substrate 15 may reach to the gate electrode 9 
from the underside direction. 

It is preferable for stable operation of a transistor 
element on a single crystal semiconductive layer that 
a gate electrode 9 contacted with a gate oxide layer 
8 is made out of a polycrystalline layer. A poly crystal- 
line thin film layer has characteristics of light transpa- 
rency so that a light shielding layer 20 has to be 
formed on the gate electrode 9 to prevent a light from 
the underside of the gate electrode 9. The materials 
used for the light shielding layer 20 may be Cr, Ta, W 
and other metals. In the case of an electric conductive 
thin film used for the light shielding layer 20, the light 
shielding layer has a function the same as a gate elec- 
trode. The materials used for the light shielding layer 
20 can be semiconductive or insulative materials such 
as a silicon germanium, nitrade or others. 

Figure 5 shows a fourth embodiment of the semi- 
conductor device according to the present invention. 
Likewise, the same components as those of the pre- 
ceding embodiments are designated by the identical 
reference numerals so that the present embodiment 
may be easily understood. The present embodiment 
relates to the semiconductor device having the so-cal- 
led "DRAM structure". As shown, an opposed elec- 
trode 19 is patterned and formed over the surface 
insulating film 3 such that it is opposed to the drain 
region 7 of each transistor element formed in the 
single crystal silicon thin film 4. Between the drain reg- 



ion 7 and the opposed electrode 19, there is inter- 
posed a dielectric layer which is made of the surface 
insulating film 3 to constitute a capacity element In 
other words, the data storing capacity elements are 
5 coupled to the individual integrated transistor ele- 
ments to form a DRAM. According to the present 
invention, this DRAM can be easily produced by pat- 
terning the opposed electrodes simply with respect to 
the flat face of the surface insulating film 3. After a 

10 voltage has been applied to the gate electrode 9 to 
render the channel forming region 5 conductive, 
charge is fed from the source region 6 to the drain reg- 
ion 7 to render the channel forming region 5 non-con- 
ductive. As a result, the supplied charge is temporarily 

15 stored as the stored data in the capacity elements. In 
this way, the data are written. In order to read out the 
written data, the channel forming region 5 may be ren- 
dered conductive again so that the charge once 
stored may be introduced into the source region 6 to 

20 have its quantity detected. 

Figure 6 shows a fifth embodiment of the semi- 
conductor device according to the present invention. 
In the present embodiment, the terminal electrode of 
the transistor element, i.e. one of the source electrode 

25 and the drain electrode is formed not on the back but 
on the surface. Thus, the wiring density on each face 
can be improved by dividing the wiring of the transistor 
element vertically of the thin film laminated layer 1 . In 
case only one face is formed with the source electrode 

30 and the drain electcrode, as in the prior art, the miniat- 
urization of the transistor elements is impeded. In the 
present embodiment, the wiring line of the source 
electrode 11 is guided to the back, whereas a drain 
electrode 31 is formed on the surface through a con- 

35 tact hole 32 which is opened in the surface insulating 
film 3. As has been described above, the semiconduc- 
tor device according to the present invention is pro- 
vided by transferring the thin film transistor element 
from the SOI substrate to the support substrate so that 

40 the drain region 7 formed in the single crystal silicon 
thin film 4 is positioned on the surface through the sur- 
face insulating film 3. As a result, the electrode con- 
nection can be easily established through the surface 
insulating film 3. Thus, the double-face bonding of the 

45 integrated circuit can be accomplished to increase the 
capacity more than the prior art. 

Figure 7 shows a sixth embodiment of the semi- 
conductor device according to the present invention. 
Unlike the foregoing embodiments, the present embo- 

50 diment uses a support layer 42 having a single-layer 
structure. This support layer 42 can be moulded by 
feeding and solidifying much adhesive to the back of 
the thin film laminated layer 1 , which is formed with the 
semiconductor integrated circuit. Since, unlike the 
55 foregoing embodiments, the present embodiment 
need not use a separate support substrate, it is poss- 
ible to reduce the production cost and to reduce the 
overall thickness of the semiconductor device. Since 
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the semiconductor device having such structure is for- 
med into a sheet, it is suitably packaged in an IC card, 
for example. 

Figure 8 is a section showing a portion of a 
seventh embodiment of the semiconductor device 
according to the present invention. Figure 8 is inver- 
ted upside-down from the foregoing Figures so that 
the present embodiment can be easily understood. 
Moreover, Figure 8 shows the state of a half-product 
so that the present embodiment may be easily under- 
stood. In the half-product state, as shown, an SOI 
substrate 51 is left This SOI substrate 51 is com- 
posed of the thin film laminated layer 1 formed with the 
grouped transistor elements and a tentative substrate 
52 supporting thin film laminated layer 1 temporarily 
through the insulating film 3. On the tentative sub- 
strate 52, there is deposited through the insulating film 
3 the single crystal silicon thin film 4. This single crys- 
tal silicon thin film is formed with the channel forming 
region 5, the source region 6 and the drain region 7 
of each transistor element On the SOI substrate 51 
formed integrally with the grouped transistor ele- 
ments, there is fixedly adhered in face-to-face relation 
through the adhesive layer 14 the support substrate 
15. This support substrate 15 is formed in advance 
with through holes 53 at a predetermined pitch. These 
through holes 53 are provided for releasing the gas 
which is produced during the heat treatment of the 
adhesive film 14. Without such through holes, the gas 
produced in the course of thermally setting the adhe- 
sive film 14 would have no way of escape to make it 
difficult to adhere the uniform and rigid support sub- 
strate 15 fixedly in the face-to-face relation. If the pro- 
duced gas is confined in the adhesive film 14 to form 
bubbles, it deteriorates the reliability of the semicon- 
ductor device. In order to eliminate this disadvantage, 
therefore, the degasifying through holes 15 are for- 
med in advance in the support substrate 15 in accord- 
ance with the present embodiment After the support 
substrate has been fixedly adhered in the face-to-face 
relation by using the adhesive film 14, the tentative 
substrate 52 composing the SOI substrate 51 is 
polished and etched off to expose the fiat insulating 
film 3 to the outside. 

Figure 9 is a section showing a portion of an 
eighth embodiment of the semiconductor device 
according to the present invention. The present 
embodiment relates to the so-called "MROM struc- 
ture". In this MROM, i.e. mask ROM, the data are writ- 
ten in the individual channel forming regions of the 
transistor elements which are integrally formed in an 
array shape. The data are written by setting the con- 
ductivity of the channel forming region selectively. In 
the present invention, as shown, after the transistor 
elements have been integrally formed over the SOI 
substrate, the semiconductor device is transferred to 
the support substrate 15. Unlike the semiconductor 
device of the prior art, therefore, the gate electrode 9 



is laid under the channel forming region 5 formed in 
the single crystal silicon thin film 4. The channel form- 
ing region 5 has its upper face opened. With such 
structure, the conductivity of the channel forming reg- 

5 ion 5 can be selectively set and controlled from the 
surface side. Specifically, a resist film 60 is patterned 
over the surface insulating film 3 in accordance with 
the data pattern to be stored. As a result, the element 
regions of the individual transistor elements are selec- 

10 tively masked. If the surface of the semiconductor 
device is implanted with ions all over its surface, only 
the element regions unmasked are selectively doped 
with the impurity ions to increase the conductivity of 
the channel forming region 5. Thus, the data are writ- 

15 ten in the transistor element array. For reading out the 
data, a potential difference to be established between 
the source electrode 11 and the drain electrode 12 
may be detected by applying a predetermined voltage 
to the gate electrode 9. 

20 According to the present invention, the data writ- 

ing operation is carried out at the final stage of the 
semiconductor device manufacturing process. This 
makes it possible to manufacture a great number of 
half-products in advance before they are written with 

25 the data. A remarkably efficient manufacture control 
can be accomplished by finally writing the data 
according to the specifications required. 

Figure 10 is a schematic section showing a por- 
tion of a ninth embodiment of the semiconductor 

30 device according to the present invention. The pre- 
sent embodiment relates to a semiconductor device 
to be used as a light valve substrate. A light valve sub- 
strate 71 made of the semiconductor device is com- 
posed, as shown, of the thin film laminated layer 1 

35 formed integrally with the grouped transistor ele- 
ments, the transparent support substrate 15, and the 
adhesive film 14 for adhering the former two fixedly in 
the face-to-face relation. Each transistor element is 
made of an insulated gate field effect transistor and is 

40 composed of the channel forming region 5, the source 
region 6, the drain region 7 f and the gate electrode 
arranged below the channel forming region 5 through 
the gate oxide film 8. The surface insulating film 3 is 
arranged to cover the single crystal silicon thin film 4. 

45 The surface insulating film 3 has a remarkably flat sur- 
face. This flat surface is arranged with transparent 
electrodes 72 for constituting pixels in a manner to 
correspond to the individual transistor elements. Each 
transparent electrode 72 is electrically connected with 

so the drain region of the corresponding transistor ele- 
ment through a contact hole 73 opened in the surface 
insulating film 3. The transistor element functions, as 
a switch for the transparent electrode 72, not only to 
apply a predetermined voltage to the gate electrode 

55 9 to render the channel forming region 5 conductive 
but also to apply a predetermined drive voltage to the 
source electrode 1 1 to drive the transparent electrode 
72. This transparent electrode 72 is formed over the 



11 



19 



EP 0 486 318 A1 



20 



remarkably flat surface insulating film 3 so that it has 
excellent smoothness and dimensional accuracy. The 
transparent electrode 72 and the thin film laminated 
layer 1 formed with a correpsonding transistor ele- 
ment or switching element are supported by the trans- 5 
parent support substrate 15 through the adhesive film 
14. In case the semiconductor device is used as the 
light valve device, it has to be optically transparent so 
that it may control the transparency of an incident 
light. In the present embodiment, therefore, the sup- 10 
port substrate 15 is made of a transparent material 
such as glass, and trie adhesive film 14 is also made 
of a transparent material. Accordingly, the laminated 
structure composed of the transparent electrode 72, 
the adhesive film 14 and the transparent support sub- is 
strate 15 is transparent as a whole so that it can 
achieve the light valve function for each pixel. 

An opposed substrate 74 is arranged at a pre- 
determined gap and opposite to the light valve sub- 
strate 71 having such structure. The opposed 20 
substrate 74 is made of a glass material and has its 
inner surface formed with a common electrode 75. 
The gap between the light valve substrate 71 and the 
opposed substrate 74 is filled up with an electro-opti- 
cal substance such as a liquid crystal layer 76 for 2s 
modulating an incident light optically for each pixel. 
Specifically, the transparency to the incident light is 
varied to effect the light valve function in accordance 
with the level of the drive voltage which is applied be- 
tween the transparent electrode 72 forming the pixel 30 
and the common electrode 75. In case the liquid crys- 
tal layer 76 is used as the electro-optical substance 
layer, its thickness has to be controlled to a remark- 
ably uniform thickness so that a uniform light valve 
function may be achieved. Since, in this case, the sur- 35 
face insulating film 3 positioned in the uppermost por- 
tion of the light valve substrate 71 has a remarkably 
flat face, it is easy to attain a uniform thickness. In 
addition, an orientation is required in case the liquid 
crystal layer 76 is used. This orientation can be 40 
uniform because the light valve substrate 71 has an 
excellently smooth surface. 

Next, the process for manufacturing a semicon- 
ductor device according to a tenth embodiment of the 
present invention will be described in detail in the fol- 45 
lowing with reference to Figures 11 to 14. Figure 11 
is a process diagram, showing a first step of the se- 
mi-conductor device manufacturing process. At this 
step, an SOI substrate 81 is prepared at first This SOI 
substrate 81 has the single crystal semi-conductor so 
thin film 4 which is laminated on a tentative substrate 
82 through the insulating film 3. 

The SOI substrate 81 having such structure can 
be prepared by depositing a polycrystalline silicon thin 
film on the surface of the tentative substrate 82 made 55 
of an insulating or semi-conductor substance by the 
chemical vapour growth, and subsequently by heating 
it with the laser beam irradiation so that the polycrys- 



talline film may be recrystallized into a single crystal 
structure. Generally speaking, however, the single 
crystal obtained by the recrystalization of a polycrys- 
tal does not always have a uniform crystal orientation 
but has a relatively high lattice defect density. For 
these reasons, the application of the miniaturizing 
technology or the LSI manufacture technology as in 
the silicon wafer to the SOI substrate prepared by the 
recrystalization method is restricted to some extent. In 
the present embodiment, therefore the single crystal 
silicon thin film 4 having a uniform crystal orientation 
and a lattice defect of low density like those of the sili- 
con wafer used widely in the semiconductor manufac- 
ture process is formed over the tentative substrate 82. 
This method will be specifically described in the fol- 
lowing. 

First of all, the single crystal silicon plate and the 
tentative substrate 82 are prepared. This tentative 
substrate 82 is made of a silicon material, for 
example. On the other hand, the single crystal silicon 
plate may be exemplified by a high quality silicon 
wafer used in the LSI manufacture, for example, and 
has a crystal orientation of a uniformity in a range of 
(100) 0.0 ± 1.0 and a single crystal lattice defect den- 
sity of 500/cm 2 or less. This single crystal silicon plate 
has its back flattened. On the other hand, the surface 
of the tentative substrate 82 is formed with the insulat- 
ing film 3. This insulating film 3 is prepared by deposi- 
ting silicon dioxide by the chemical vapour growth or 
CVD, for example. Incidentally, a silicon nitride layer 
may preferably be deposited as the surfacing treat- 
ment on the surface of the tentative substrate 82 bef- 
ore the silicon dioxide layer is deposited by the CVD. 
The insulating film 3 thus deposited also has a flat 
face. 

Next, the single crystal silicon plate having the flat 
face and the tentative substrate 82 are thermally bon- 
ded by superposing and heating them through the 
insulating film 3. At this time, those two plate members 
are thermally bonded through the excellently adhe- 
sive insulating film 3 made of silicon dioxide so that 
they are fixedly bonded to each other. 

Subsequently, the surface of the single, crystal 
silicon plate is polished. As a result, the insulating film 
3 is formed thereover with the single crystal silicon 
thin film 4 which is polished to a desired thickness. 
Thus, as shown in Figure 1 1 , there is obtained the SOI 
substrate 81 which is composed of the tentative sub- 
strate 82 of silicon and the single crystal silicon thin 
film 4. Incidentally, the polishing treatment for thinning 
the single crystal silicon plate may be replaced by the 
etching treatment. Since the single crystal silicon thin 
film 4 thus obtained retains the quality of the silicon 
wafer substantially as it is, it is possible to obtain a 
semiconductor substrate material which is extremely 
excellent in the uniformity of the crystal orientation 
and the density of the lattice defect. 

Next, a second step of the semiconductor device 
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manufacturing process according to the present 
invention will be described in the following with refer- 
ence to Figure 12. At this step, the single crystal sili- 
con thin film 4 is formed with the semiconductor 
integrated circuit to form the thin film laminated layer 
1. Specifically, the single crystal silicon thin film 4 is 
selectively thermally oxidized at first so that it is con- 
verted into the field insulating layer 13 while leaving 
individual element regions. As a result, the element 
regions are shaped such that they are surrounded by 
the field insulating layer 13. Subsequently, the ele- 
ment region surface is thermally oxidized to form the 
gate insulating film 8. An intermediate electrode film 
is deposited on the gate insulating film 8 and is sub- 
jected to a predetermined patterning to form the gate 
electrode 9. 

In a case of the third embodiment of the present 
invention shown in figure 4(b), the intermediate elec- 
trode film has a stacked structure comprising a gate 
electrode and a light shielding layer. In this case, the 
intermediate electrode film having both a gate elec- 
trode film and a light shielding film are processed as 
a gate electrode 9 after this step. Then, the gate elec- 
trode 9 is used as a mask to dope the single crystal 
silicon thin film 4 with an impurity to form the source 
region 6 and the drain region 7 by the ion implantation. 
As a result, the source region 6 and the drain region 
7 are formed in self-alignment with the gate electrode 
9. The channel forming region 5 left undoped is for- 
med between the doped source region 6 and drain 
region 7. After the end of the ion implantation, the ele- 
ment regions are covered all over the surface with the 
passivation film 10. Then, the contact hole is opened 
in the passivation film 10 to form the source electrode 
to be connected with the source region 6andthedrain 
electrode connected with the drain region 7. As a 
result, the passivation film 10 and the field insulating 
layer 13 have their surface wired with the integrated 
circuit composed of the grouped transistor elements. 
Simultaneously with this, the gate electrode 9 is also 
wired. 

Next, a third step of the semiconductor device 
manufacturing process according to the present 
invention will be described in the following with refer- 
ence to Figure 13. At this third step, a support sub- 
strate is fixedly adhered in a face-to-face relation to 
the opposite side of the tentative substrate 82. For 
this, an adhesive is applied at first to the surface of the 
thin film laminated layer 1 formed with the semicon- 
ductor integrated circuit, to form the adhesive layer 
14. A material to be used for the adhesive can be 
exemplified by a polyimide resin or an epoxy resin. 
The polyimide resin is excellent in heat resistance and 
in little content of an impurity. On the other hand, the 
epoxy resin is excellent in workability and in intense 
adhesion. Nevertheless, those organic materials 
have very different coefficients of linear expansion 
than that of the silicon material and may raise a prob- 



lem in reliability in dependence upon the intended use 
of the semiconductor device. Moreover, those organic 
materials necessarily-contain alkali ions and may 
exert adverse effects upon the reliability of the semi- 

5 conductor device. In the present embodiment, there- 
fore, the adhesive used in a fluid inorganic material 
having a composition, in which silicon dioxide particle 
is dispersed in a solvent Such silicon dioxide adhe- 
sive can be subjected to a heat treatment to form a 

10 denser silicon dioxide fitm. This silicon dioxide film not 
only is excellent in reliability, because it contains few 
alkali ions, but also can reduce the thermal stress 
because its coefficient of linear expansion is as high 
as that of the substrate material. The silicon dioxide 

is adhesive can be applied to the surface of the inte- 
grated circuit by a simple method such as the spinner, 
dipping or spraying method. Thanks to the fluidicity, 
the silicon dioxide adhesive is excellent in step 
smoothness. 

20 At a step shown in Figure 14, moreover, the sup- 

port substrate 15 is adhered to the surface of the 
applied adhesive film 14. The material for the support 
substrate 15 can be suitably selected in accordance 
with the using object of the semiconductor device. For 

25 example, silicon or quartz is selected as the material. 
By the heat treatment in this state, the solvent con- 
tained in the adhesive film 14 is evaporated away, and 
the fusion of the silicon dioxide particle advances until 
the support substrate 1 5 and the SOI substrate 81 are 

30 rigidly adhered to each other in the face-to-face rela- 
tion. The adhesive film 14 thus heated forms a dense 
silicon dioxide film having a quality substantially iden- 
tical to that of a thermally oxidized film. Incidentally, 
the solvent contained in the adhesive is inorganic or 

35 organic. The organic solvent is suited for the case, in 
which an especially thick adhesive film is to be for- 
med. If this thickness is increased to a considerable 
extent, the support substrate can be constructed of 
the adhesive film itself. In this case, the completed 

40 semiconductor device takes a sheet shape and can 
be applied to an especially thin device. 

Finally, with the support substrate 1 5 and the SOI 
substrate 81 being adhered, the tentative substrate 
82 is removed to expose the insulating film 3 having 

45 the flat face to the outside. This removal is carried out 
by etching the tentative substrate 82 of silicon, for 
example. At this time, the interface between the 
insulating film 3 and the tentative substrate 82 is for- 
med as the surfacing treatment with a silicon nitride 

so layer so that the silicon nitride layer effectively func- 
tions as the etching stopper. Specifically, due to the 
difference in the etching rate between the silicon and 
the silicon nitride, the etching removal of the tentative 
substrate 82 of silicon substantially ends at the step 

55 reaching the silicon nitride film. Thus, the semicon- 
ductor device shown in Figure 1 can be finally 
obtained. Incidentally, the arrangement shown in Fig- 
ure 14 is inverted upside-down from that shown in Fig- 

13 
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ure 1 so that it may be easily understood. The exp- 
osed insulating film 3 has a remarkably excellent flat- 
ness and is arranged therebelow with the single 
crystal silicon thin film 4. As a result, this flat surface 
insulating film 3 can be easily subjected to a variety s 
of additional treatments including at least the for- 
mation of electrodes, and the single crystal silicon thin 
film 4 can also be easily subjected, if desired, to an 
additional treatment. 

As has been described hereinbefore, according 10 
to the present invention, the integrated circuit formed 
on the SOI substrate is transferred to the support sub- 
strate', and the tentative substrate portion of the SOI 
substrate is then removed so that the semiconductor 
device has its one face wired in advance and its other 1 s 
face exposed to the outside. This exposed face has a 
flat surface and is arranged -just therebelow with the 
single crystal semiconductor thin film. Since the exp- 
osed face can be subjected to the additional treatment 
of forming electrodes or wiring, the semiconductor 20 
device according to the present invention can be 
given the double-side wiring structure to raise an 
effect that its packaging density is improved far better 
than the prior art. By dividing the wiring lines of the 
integrated circuit into upper and lower faces, the wir- 25 
ing density can be substantially doubled to miniaturize 
the integrated circuit Alternatively, the thin film lami- 
nated layer formed with the integrated circuit is for- 
med on its back with a wiring pattern and on its surface 
with an externally connecting pad electrode, thus rais- 30 
ing an effect that the surface and back can be effi- 
ciently exploited. Another effect is that the 
semiconductor device satisfying various applications 
can be remarkably easily manufactured by adding 
various electrodes to the exposed surface of the semi- 35 
conductor device in accordance with the design 
specifications. For example, the semiconductor 
device substrate for driving the light valve is obtained 
by forming a transparent electrode for defining the 
pixel, for example. Moreover, the DRAM can be easily 40 
manufactured by forming a capacity electrode. By 
forming an additional gate electrode, furthermore, it is 
possible to manufacture a semiconductor device 
which is composed of transistor elements having an 
excellent ON/OFF ratio. In addition, a semiconductor 45 
device composed of transistor elements having a low 
offset current can be manufactured by making the 
added gate electrode of a shielding material. 

In the structure of the semiconductor device 
according to the present invention, the single crystal so 
semiconductor thin fUm is arranged just below the sur- 
face insulating film. As a result, an additional treat- 
ment can be applied through the surface insulating 
film to raise an effect that the so-called "double-sided 
processing" can be accomplished. For example, an 55 
MROM can be manufactured remarkably easily by 
doping the channel forming region of the transistor 
element selectively through the surface insulating 



film. 

According to the present invention, the thin film 
laminated layer formed with the semiconductor inte- 
grated circuit is supported through the adhesive film 
by the support substrate. As a result, no integral and 
undividable relation resides unlike the prior art be- 
tween the thin film laminated layer and its support 
substrate, thus raising an effect that the material for 
the support substrate can be suitably selected in 
accordance with the use or the like of the semiconduc- 
tor device. In case the semiconductor device is used 
as the light valve driving substrate, for example, a 
transparent material such as quartz can be selected 
as the material for the support substrate. Alterna- 
tively, in case the semiconductor device is packaged 
in an IC card or the like, the sheet-shaped semicon- 
ductor device can be easily manufactured by increas- 
ing the thickness itself of the adhesive film to form the 
support substrate. 

According to the present invention, a semicon- 
ductor device to be subjected to the double-side pro- 
cessing and wiring is manufactured by using transfer 
technology. As a result, there can be attained an 
effect that a semiconductor device of high perform- 
ance and density can be obtained without any com- 
plicated processing. Especially, an effect that the 
ordinary LSI manufacturing technology can be suffi- 
ciently exploited can be obtained by applying the ordi- 
nary LSI manufacturing technology to the SOI 
substrate to form an integrated circuit and by transfer- 
ring the integrated circuit to the support substrate. By 
thermally bonding and polishing a silicon wafer to 
form the single crystal semiconductor thin film on the 
surface of the SOI substrate, there is attained an 
effect that the semiconductor device can be manufac- 
tured by using a substrate material which is excellent 
in the uniformity of crystal orientation and in the den- 
sity of the lattice defect. 

Figure 16 is a top plan view showing a semicon- 
ductor device for a light valve device according to an 
eleventh embodiment of the present invention. Refer- 
ence numeral 111 designates an insulating transpa- 
rent thin film, which is arranged on its upper face with 
a plurality of pixel electrodes 113 in a matrix shape. 
The insulating transparent thin film is further formed, 
at its portions except the pixel electrodes 1 13, with a 
semiconductor single crystal thin film, which is formed 
with switch elements 114 adjacent to the individual 
pixel electrodes 113. 

On the other hand, the grouped pixel electrodes 
1 1 3 are surrounded by an X driver 1 31 , a Y driver 1 32, 
a pad lead-out portion 125 and a wiring pattern 120 for 
connecting the foregoing elements. The switch ele- 
ment 1 14 is a field effect transistor, which has its drain 
electrode connected with a corresponding pixel elec- 
trode 113, its gate electrode connected with a scan- 
ning line 129, its source electrode connected with a 
signal line 130. Moreover, the scanning line 129 is 
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connected with the Y driver 132, and the signal line 

130 is connected with the X driver 131. These indivi- 
dual drivers are connected through the pad lead-out 
portion 125 with a not shown external circuit. The pad 
lead-out portion 125 extends, as will be described with 
reference to Figure 17, to the lower face of the insulat- 
ing transparent thin film, to which its surface is exp- 
osed. 

At the uppermost portion of the thin film substrate 
thus far described, there is disposed a polarizing 
plate, which is omitted for convenient description. 

Figure 17 is a section taken along line A - A' of 
Figure 16 and showing the relations among the X 
driver 131, the wiring pattern 120, the shielding film 
and the pad lead-out portion 125. This pad lead-out 
portion 125 extends, as apparent from Figure 17, 
through the insulating transparent thin film 111 from 
the upper to lower faces thereof and further from the 
lower portion to the outside while avoiding the pixel 
electrode portion. With the pad lead-out portion 125, 
there is connected an external signal line, through 
which signals are transferred to the individual drivers 

131 and 132. The X driver 131 and the wiring pattern 
1 20 are enclosed by an electric insulating passivation 
film 119, onto which a transparent electric insulating 
substrate 123 is fixed through an adhesive. A polari- 
zing plate 133 is placed on the transparent electric 
insulating substrate 123. The pad lead-out portion 
125 has its surface exposed through the lower face of 
the insulating transparent thin film 1 1 1 to the outside, 
and a shielding film 124 is placed in a position oppo- 
site to the X driver 131. 

Figure 18 is a section showing an embodiment, in 
which a light valve device is made of the semiconduc- 
tor device of Figure 17. An opposite substrate is dis- 
posed below the lower face of the insulating 
transparent thin film of Figure 18 and in a position 
opposite to the grouped pixel elecdtrodes at a gap. 
This gap is filled up with a liquid crystal 127 and has 
its sides sealed up with a resin 135. On the other 
hand, the aforementioned opposite substrate is com- 
posed of an orientation film 126, an equi-potential 
electrode 136 and a glass substrate 128. 

This light valve device is cut along line B-B 1 of Fig- 
ure 16, but the pixel electrode 113 is shown, for con- 
venient description, in a reduced smaller scale than 
that of the switch element 114. 

The pixel electrodes are formed by preparing a 
substrate, in which a single crystal thin film semicon- 
ductor layer is thermally bonded to the upper face of 
the insulating transparent thin film 111, by etching off 
a portion of the single crystal thin film semiconductor 
layer in a predetermined shape to expose it to the sur- 
face of the underlying insulating transparent thin film 
1 1 1 , and by forming the plural electrodes 1 1 3 in a mat- 
rix shape on the exposed surface. This means may be 
a generally used one. 

The switch element forms, on a single crystal thin 



film semiconductor layer 112, an insulated gate field 
effect transistor which is composed of a gate elec- 
trode 115 and a pair of impurity-diffused regions, i.e. 
a source electrode 116 and a drain electrode 117. The 

5 drain electrode 1 17 is connected with the correspond- 
ing pixel electrode 113, and the gate electrode 1 15 is 
arranged over the channel forming region of the 
switch element 114 through an insulating film 118. 
over the switch elements 114, there is formed through 

10 the insulating film 1 19 the wiring pattern 120 which is 
made of aluminium. This wiring pattern 120 is electri- 
cally connected with the source electrodes 1 16 of the 
switch elements 114 through contact holes formed in 
the insulating film 119 and further with the pad lead- 

15 out portion 1 25, as shown in Figure 1 7. The wiring pat- 
tern 1 20 is formed on its surface with the passivation 
film 121, on which the transparent electric insulating 
substrate 1 23 is placed through the adhesive layer so 
that it may be prevented from being damaged due to 

20 a mechanical stress. The polarizing plate 133 is 
placed on the insulating substrate 123, as has been 
described with reference to Figure 17. 

Across the insulating transparent thin film 111, 
the shielding film 124 is formed below the switch ele- 

25 ments 1 14 and the Y driver 132 to prevent any unde- 
sired operation by a light. The external signal is 
inputted from the not-shown pad lead-out portion so 
that the liquid crystal panel is accomplished. Specifi- 
cally, the gate electrodes 1 15 of the individual switch 

30 elements are connected with the scanning line 120 
(as shown in Figure 16) so that they are fed with scan- 
ning line signals by the Y driver 132 to control the 
ON/OFF of the individual switch elements in a linear 
order. Specifically, the image signals outputted from 

35 the X driver 131 are fed to the image electrodes 113 
through the switch elements 114 which have their 
conductive states selected through the signal lines 
1 30. As a result, the charges according to the mag- 
nitudes of the image signals are fed .to and stored in 

40 the individual image electrodes 113. The liquid crystal 
layer 127 is excited by the stored charges so that it 
has its transparency changed to perform the light 
valve function. The switch elements 114 are non-con- 
ductive, when unselected, so that the image signals 

45 written before are latched in the image electrodes 
113. 

Since the switch elements 114 are shielded by 
the shielding film 124. no optical leakage current is 
generated while the switch elements 114 are OFF, so 
so that the charges stored in the pixel electrodes 113 will 
not leak. As a result, a stable light valve function is 
exhibited. 

Since, moreover, the switch elements 114 are for- 
med in the silicon single crystal thin film 112 having a 
55 remarkably high charge mobility, it is possible to con- 
struct a light valve device which has a high speed sig- 
nal responsiveness. Furthermore, the circuit including 
the X driver 131 and the Y driver 132 can be formed 
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on the common silicon thin film simultaneously with 
the switch elements 114, thus raising an effect that the 
manufacture process is simplified. Incidentally, the 
present embodiment has been described in connec- 
tion with the light valve device formed with the polari- 5 
zing plate 133. Nevertheless, the polarizing plate 
need not be formed if the liquid crystal used is exem- 
plified by a polymer-dispersed liquid crystal, in which 
a liquid crystal is dispersed in a high-molecular ma- 
terial. 10 

Figures 1 9(a) to 1 9(g) show a twelfth embodiment 
of a process for fabricating a semiconductor device for 
a light valve device according to the present invention. 
First of all, a substrate shown in Figure 19(a) is prep- 
ared. This substrate is formed by adhering the silicon 15 
single crystal thin film 112 to a silicon substrate 151 
through the silicon dioxide layer 111 which is made of 
the insulating transparent thin film. The silicon sub- 
strate 151 is used to hold the mechanical strength 
when the single crystal thin film 112 has its face pro- 20 
cessed. 

Next, the silicon single crystal thin film 112 is 
removed at the positions corresponding to the pixel 
electrodes by the well-known method. Then, the 
remaining single crystal thin film is formed by the well- 25 
known method with the X driver 131, the Y driver 132 
and the switch elements 114 and is removed to cover 
the exposed portion of the silicon dioxide layer 111 
with the transparent conductive layer thereby to form 
the pixel electrodes 113 (as shown in Figure 19(b)). 30 
The not-shown passivation film and wiring pattern are 
formed over the pixel electrodes 113 thus formed and 
the drive elements 131, 132 and 114. Figure 19(b) 
shows the state thus established. 

As shown in Figure 19(c), moreover, an adhesive 35 
layer 122 represented by silicon dioxide is applied to 
them and is overlain by the glass substrate 123 with 
the polarizing plate. 

Next, this structure is inverted upside-down to 
place the silicon substrate 151 at the upper face, and 40 
this silicon substrate 151 is completely etched off to 
expose the silicon dioxide layer 111 to the outside. 
This state is shown in Figure 19(d). In this state, as 
shown in Figure 19(e), (a plurality of) through holes for 
the pad lead-out portion 1 25 are bored in the predeter- 45 
mined positions by the etching process. With the 
through holes being open, a metal such as aluminium 
is deposited all over the surface in a shieldable thick- 
ness. This state is shown in Figure 19(f). 

This metal-deposited face 152 is patterned to so 
remove the undesired portions corresponding to the 
pixel electrodes thereby to form the pad lead-out por- 
tion 125 and the shielding film 124 simultaneously. 
After this, an orientation layer is formed in the portions 
corresponding to the pixel portions. The completed 55 
state is shown in Figure 19(g). 

Figure 20 is a detailed section for explaining the 
connection relation between the pad lead-out portion 



125 and the wiring pattern 120. As shown, the pad 
lead-out portion 125 is connected through the silicon 
dioxide layer 111 from the upper to lower faces 
thereof with the wiring pattern 120 of the transistor 
constituting the driver 131 (or 1 32). 

As has been described hereinbefore, according 
to the present embodiment, the orientation film for 
orienting the liquid crystal of said liquid crystal layer 
can be formed on the flat surface because the switch 
elements and the pixel electrodes are buried in the 
adhesive layer 122 and not exposed to the liquid crys- 
tal layer 127, even rf the pixel electrodes and the 
switch elements have different thicknesses so that 
their undulations cannot be avoided. As a result, the 
display image of the light valve device, if formed, can 
be prevented from having a defect such as an irregu- 
lar contrast 

Since, moreover, the pad lead-out portion 125 is 
exposed to the insulating transparent thin film at the 
side to be formed with the orientation film, no new 
space need be prepared for the pad lead-out portion 
125, thus raising advantages that the size can be 
reduced and that the shielding layer and the pad lead- 
out portion 125 can be simultaneously formed. 

Since, furthermore, the switch elements 114 are 
formed in the silicon single crystal thin film 112 having 
a remarkably high charge mobility, there can be 
attained an effect that it is possible to construct a light 
valve device having a high-speed signal responsive- 
ness. 

Figures 21(a) to 21(d) are explanatory diagrams 
showing a thirteenth embodiment according to the 
present invention. 

Figure 21(a) is a top plan view showing a sub- 
strate 1 61 to be used in the present invention, and Fig- 
ure 21(b) is a schematic section showing the structure 
of one chip manufactured from the substrate 161. As 
shown, this substrate 161 is formed into a wafer 
shape having a diameter of 6 inches, for example. The 
substrate 161 has a five-layer structure which is com- 
posed of a support layer 162 made of quartz, for 
example, a single crystal semiconductor layer 163 for- 
med over the support layer 162 and made of silicon, 
for example, an adhesive layer 164 formed between 
the support layer 162 and the single crystal semicon- 
ductor layer 163 and made of an organic adhesive, 
glass having a low melting point or the like, an insulat- 
ing layer 165 over the. single crystal semiconductor 
layer 163, and a light shielding layer 166 formed over 
the insulating layer 165. In the substrate 161, the 
miniaturized semiconductor manufacturing technol- 
ogy is applied to the single crystal semiconductor 
layer 163 so that the driver circuit and the pixel elec- 
trode of an active matrix display system are formed for 
each chip section, for example. 

Figure 2 1 (c) is an enlarged top plan view showing 
an integrated circuit chip obtained from the substrate 
161. As shown, the integrated circuit chip 167 has its 
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one side given a length of 1 .5 cm, for example, so that 
it is far more miniaturized than that of the active matrix 
display system of the prior art. The integrated circuit 
chip 167 is composed of: a pixel region 168 which is 
formed with fine pixel electrodes arranged in a matrix 
shape and insulated gate field effect transistors cor- 
responding to the individual pixel electrodes; an X 
driver region 169 for a driver circuit, i.e. the X driver 
for feeding the image signal to each transistor; and a 
scanning circuit, i.e. a Y driver region 170 for scanning 
the individual transistors in a linear sequence. Since 
the single crystal thin film having a far higher charge 
mobility and less crystal defects than those of the 
amorphous thin film or the polycrystalline thin film is 
used according to the present invention, the X and Y 
drivers requiring a high-speed responsiveness can be 
formed on a face shared with the pixel region. 

Figure 21(d) is a section showing a microminiat- 
ure and highly dense active matrix type light valve 
device which is assembled by using the aforemen- 
tioned integrated circuit chip 167. As shown, the light 
valve device is composed of an opposed substrate 
171 which is arranged opposite to the integrated cir- 
cuit chip 167 at a predetermined gap, and a liquid 
crystal layer 172 filling up said gap and made of an 
electro-optical substance layer. Incidentally, the inte- 
grated circuit chip 167 has its surface covered with an 
orientation film 173 for orienting the liquid crystal 
molecules contained in the liquid crystal layer 172. 
The individual pixel electrodes formed in the pixel reg- 
ion 168 of the integrated circuit chip 167 are selec- 
tively excited, when the corresponding transistor 
elements are turned on, to act upon and control the 
optical transparency of the liquid crystal layer 172 so 
that they function as the light valve. Since the indivi- 
dual pixel electrodes have a size of about 10 ^m, it is 
possible to provide a remarkably highly fine active 
matrix liquid crystal light valve device. 

Figure 22(a) is a top plan view showing an A por- 
tion of the pixel region 168 of Figure 21(c) in an 
enlarged scale and shows one pixel. As shown, this 
pixel 1 74 is composed of a pixel electrode 1 75, a tran- 
sistor 176 for exciting the pixel electrode in response 
to a signal, a signal line 177 for feeding the signal to 
said transistor 176, and a scanning line 178 for scan- 
ning said transistor. The signal line 177 is connected 
with the X driver, and the scanning line 178 is connec- 
ted with the Y driver. 

Figure 22(b) is a schematic section showing the 
same one pixel 174. The transistor 176 is composed 
of a drain region and a source region formed in the 
single crystal thin film layer 163, and a gate electrode 
179 formed over the channel region through a gate 
insulating film. In short, the transistor 176 is of the 
insulated gate field effect type. The gate electrode 
1 79 is formed of a portion of the scanning line 1 78, the 
pixel electrode 175 is connected with the drain region, 
and a source electrode 180 is connected with the 



source region. This source electrode 180 forms part 
of the signal line 177. The shielding film 166 shields 
incident light from the transistor 176 to prevent the 
optical leakage current which might be established 

5 between the source region and drain region of the 
transistor 176. By holding the shielding film 166 at a 
constant potential, moreover, stray potential between 
the liquid crystal drive electrodes 175 of the adjacent 
pixels is blocked. Since, furthermore, the shielding 

10 film 166 and the liquid crystal drive electrode 175 
have planarly overlapping portions through the 
insulating film 165, there can be established a capaci- 
tance for holding the voltage which is written in the 
pixel electrodes 165. 

15 Figures 23(a) to 23(e) show a fourteenth embodi- 

ment of a process for manufacturing the semiconduc- 
tor device, especially its pixel portion for the light valve 
device of the present invention. 

As shown in Figure 23(a), the single crystal semi- 

20 conductor layer 163 is formed over a single crystal 
semiconductor substrate 185 through the insulating 
film 165. Specifically, for example, the single crystal 
silicon substrate and the substrate silicon can be insu- 
lated with the silicon oxide, while leaving the single 

25 crystal silicon layer on the surface of the silicon sub- 
strate, by doping the silicon substrate with oxygen 
ions and then annealing it According to another 
example, this insulating can be achieved by adhering 
the silicon single crystal substrate having the oxide 

30 film on its surface and the silicon single crystal sub- 
strate and by removing one silicon substrate up to the 
thickness of the thin film layer. 

Next, as shown in Figure 23(b), the pixel elec- 
trodes 1 75, the driver circuit, the control circuit and so 

35 on are formed in the single crystal semiconductor 
layer 163 by the ordinary semiconductor miniaturi- 
zation. 

As shown in Figure 23(c), moreover, the single 
crystal semiconductor substrate 185 and the support 
40 layer 1 62 are adhered to each other through the adhe- 
sive layer 164. The support layer 162 is made of an 
insualtor such as glass or quartz. 

Figure 23(d) is a diagram showing the state, in 
which the semiconductore substrate is removed while 
45 leaving the insulating layer 165 and the single crystal 
semiconductor layer 163 of the single crystal semi- 
conductor substrate 185. The removing method used 
is exemplified by the polishing or etching method. At 
this time, the insulating layer can be used as the etch- 
so ing stop layer or for detecting the final point of the pol- 
ishing operation. 

Finally, as shown irv Figure 23(e), the optically 
sensitive element portion such as the transistor for- 
med in the single crystalsemiconductor layer 163 is 
55 covered with the light shielding layer 166 which is 
made of a metal film. 

Figure 24 is a schematic exploded perspective 
view showing a fifteenth embodiment of the light valve 
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device according to the present invention. As shown, 
the light valve device is composed of the drive sub- 
strate 161, the opposite substrate 171 opposed to 
said drive substrate, and the liquid crystal layer 172 
of an electro-optical substance layer arranged be- 5 
tween said drive substrate 161 and said opposite sub- 
strate 171; 

The drive substrate 161 is formed with pixel elec- 
trodes or drive electrodes for defining the pixels 175, 
and a driver circuit for exciting the drive electrodes in 10 
response to a predetermined signal. The drive sub- 
strate 161 is given a five-layer structure which is com- 
posed of the support layer 162 made of quartz, the 
single'crystal silicon semiconductor film layer 163, the 
adhesive layer 164, the insulating layer 165and the 75 
light shielding layer 166. In addition, a polarizing plate 
181 is adhered to the back of the quartz carrier layer 
1 62. Moreover, the driver is made of an integrated cir- 
cuit which is formed in the single crystal silicon semi- 
conductor film layer 163. This integrated circuit 20 
includes a plurality of field effect type insutated gate 
transistors 176 arranged in a matrix shape. The tran- 
sistor 176 has its drain electrode connected with the 
corresponding pixel electrode 175, its gale electrode 
connected with the scanning line 178, and its source 25 
electrode connected with the signal line 177. Said 
integrated circuit further includes the X driver 1 69 and 
is connected with the arrayed signal lines 177. 

The integrated circuit further includes the Y driver 
170 and is connected with the arrayed scanning lines 30 
1 78. The X driver 169 and Y driver 170 are connected 
with an image signal processor 186 which is also for- 
med in the single crystal semiconductor film layer 1 63 
so that they are driven through the processor 186 in 
response to the image signals coming from the out- 35 
side. On the other hand, the opposite substrate 171 
is composed of a glass substrate 182, a polarizing 
plate 183 formed on the outer face of the glass sub- 
strate 182, and an opposite or common electrode 184 
formed on the inner face of the glass substrate 182. 40 
The light shielding layer 166 covers that portion such 
as the transistor or the PBN junction of the semicon- 
ductor film layer 163, which has its characteristics 
changed by the influence of a incident light, through 
the insulating layer 165. 45 

Next, the operations of the aforementioned 
embodiment will be described in detail with reference 
to Figure 24. The individual transistor elements 176 
have their gate electrodes connected with the scan- 
ning lines 178 so that they are fed with the scanning 50 
signals by the Y driver 170 to control their ON/OFF 
switching in a linear sequence. The display signal out- 
putted from the X driver 169 is fed through the signal 
line 177 to the selected transistor 176 in the conduc- 
tive state. The display signal thus fed is transmitted to 55 
the corresponding pixel electrode 175 so that it 
excites the pixel electrode and acts upon the liquid 
crystal layer 172 to establish a transparency of sub- 



stantially 100%. 

At an unselected time, on the other hand, the tran- 
sistor elements 176 are turned off to hold the display 
signals written in the pixel electrodes as the charges. 
Incidentally, the liquid crystal layer 172 has a high 
specific resistance and normally operates as a 
capacity. The ON/OFF current ratio is used to express 
the switching performances of those drive transistor 
elements 176. The current ratio necessary for the 
liquid crystal operation is easily determined fromt he 
write time and the latch time. In case the display sig- 
nals are TV signals, for example, 90% or more of the 
display signals for one scanning period of about 60 u 
sec have to be written. 

On the other hand, 90% or more of the charges 
have to be latched for one field period of about 16 
msecs. As a result, the current ratio required has five 
figures or more. Since, at this time, the drive transistor 
elements are formed over the single crystal silicon 
semiconductor thin film layer 1 63 having a remarkably 
high charge mobility, six or more figures of the 
ON/OFF ratio can be retained. Thus, it is possible to 
provide an active matrix type light valve device having 
a remarkably high-speed signal responsiveness. By 
making use of the high mobility of the single crystal 
thin film, moreover, especially the peripheral circuits. 
169 and 170 can be formed over the common silicon 
single crystal semiconductor thin film. Since, 
moreover, the light shielding layer 166 is formed, the 
tight valve device can operate without being influ- 
enced by intense incident light. 

As has been described hereinbefore, according 
to the present invention, the light valve device is for- 
med by using the integrated circuit chip substrate 
which is obtained by forming the pixel electrodes and 
the driver circuits integrally in the semiconductor 
single crystal thin film formed over the carrier layer by 
using the semiconductor miniaturizing technology. As 
a result, there can be attained an effect that it is poss- 
ible to provide a light valve device having a remark- 
ably high pixel density. Since the integrated circuit 
technology can be used for the single crystal thin film 
layer, there can be attained an effect that it is possible 
to easily add the circuit having various functions 
equivalent to those of the LSI. A further effect is that 
not only the switching transistors and the driver cir- 
cuits can be simultaneously built in by using the single 
crystal thin film. Even with an intense incident light, 
furthermore, a normal operation can be attained by 
the shielding film. Furthermore, there can be attained 
a remarkable effect that the image quality of the light 
valve device can be highly improved for preventing 
the crosstalk between the pixels by establishing a 
capacity between the shielding film and the pixel elec- 
trodes, by elongating the latch time of the signals writ- 
ten in the pixels, and by shielding the electric field 
between the pixels. 

Figures 25(a) and 25(b) show a sixteenth embo- 
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diment of the light valve device using a semiconductor 
device according to the present invention and are 
diagrams for explaining the sectional structure of the 
light valve device. In the present embodiment, the thin 
semiconductor film over the thin insulating film, from 5 
which the support substrate of the semiconductor 
device, tsused as one substrate of the light valve 
device. 

Figure 25(a) is a section showing the light valve 
device. A substrate 191 is made of a thin film which 10 
is composed of a single crystal semiconductor thin 
film 193, an insulating film 195, and a light shielding 
film 196 formed over the insulating film 195. Between 
said substrate 191 arid a support substrate 192 for- 
med with a transparent electrode 1 97, there is formed 75 
an eiectro-optical substance layer 194. This electro- 
optical material layer 194 to be used can be exem- 
plified by a liquid crystal or a polymer liquid crystal, in 
which a liquid crystal is dispersed in a polymer ma- 
terial. The single crystal semiconductor thin film 193 20 
is formed thereover for the individual sections with the 
driver circuits and the pixel electrodes of an active 
matrix display system by applying the miniature semi- 
conductor manufacturing technology. 

Figure 25(b) is a schematic section showing one 25 
pixel. As shown, a pixel 204 is composed of a pixel 
electrode 205, a transistor 106 for exciting the pixel 
electrode in response to a signal, a signal line for feed- 
ing the signal to said transistor 206, and a scanning 
line for scanning said transistor, although the latter 30 
two components are not shown. On the other hand, 
the signal line is connected with the X driver, and the 
scanning line is connected with the Y driver. The tran- 
sistor 206 is composed of a source region 21 1 and a 
drain region 212 formed in the single crystal thin film 35 
layer 1 93, and a gate electrode 209 formed over the 
channel region through the gate insulating film. In 
short, the transistor 206 is of the insulated gate field 
effect type. The gate electrode 209 is formed of a por- 
tion of the scanning line, and the pixel electrode 204 40 
is connected with the drain region 212 whereas a 
source electrode 210 is connected with the source 
region 21 1 . The source electrode 210 forms part of the 
signal line. The light shielding film 196 shields incident 
light coming to the transistor 206 to prevent an optical 45 
leakage current which is established between the 
source region 211 and drain region 21 2 of the transis- 
tor 206. Moreover, the light shielding film 196 shields 
a stray light transmitted between the pixel electrodes. 
Furthermore, the shielding light film 1 96 and the liquid 50 
crystal drive electrode 205 have planarly overlapping 
portions through the insulating film 195 to establish a 
capacitance, which can hold the voltage written in the 
pixel electrode 204. 

Figures 26(a) to 26(e) show a process for man- 55 
ufacturing the light valve device using the semicon- 
ductor device according to a seventeenth 
embodiment of the present invention. 



As shown in Figure 26(a), the insulating film 195 
and the single crystal thin film, 193 are formed over a 
single crystal semiconductor substrate 215. Specifi- 
cally, a single crystal silicon substrate is annealed, for 
example, after it has been doped with oxygen ions, so 
that the silicon substrate can be insulated with the sili- 
con oxide while leaving the single crystal silicon layer 
on the surface of the silicon substrate. Alternatively, 
one silicon substrate can be removed while leaving 
the thickness of the thin film layer by adhering the sili- 
con single crystal substrate formed on its surface with 
an oxide film and the silicon single crystal substrate. 

Figure 26(b) shows an ordinary semiconductor 
miniaturization, by which the pixel electrode, the 
driver circuit and the control circuit are formed over 
the single crystal semiconductor layer 193. 

In Figures 26(c). the single crystal semiconductor 
substrate 215 and the support substrate 192 are 
adhered through the polymer liquid crystal type liquid 
crystal layer 194. The support substrate 192 is made 
of an insulator such as glass or quartz. 

In Figure 26(d), the single crystal semiconductor 
substrate 215 is removed while leaivng its insulating 
layer 195 and single crystal semiconductor layer 1 93. 
The removing method to be used is exemplified by the 
polishing or etching method. At this time, the insulat- 
ing layer is one for stopping the etching or for detect- 
ing the terminal point of the polishing. 

In Figure 26(e), the shielding film 196 is formed 
to cover at least the channel region of the field effect 
transistor over the insulating film 195. 

The light valve device can be achieved by the 
steps thus far described. 

Figure 27 is a schematic exploded perspective 
view showing an eighteenth embodiment of the light 
valve device using the semiconductor device accord- 
ing to the present invention. 

As shown, the light valve device is composed of 
the silicon semiconductor film layer 193, the glass 
support substrate 1 92 opposed to said semiconductor 
film layer 193, and the polymer liquid crystal type 
liquid crystal layer 194 arranged between said semi- 
conductor film layer 193 and the support substrate 
192. The silicon semiconductor film layer 193 is for- 
med with the pixel electrode or drive electrode 205 for 
defining a pixel, and the driver circuit for exciting the 
drive electrode 205 in response to a predetermined 
signal. The support substrate 192 is formed on its sur- 
face with the common electrode 1 97 made of a trans- 
parent conductive film. Moreover, the driver circuit is 
made of an integrated circuit which is formed in the 
single crystal silicon semiconductor film layer 193. 
The integrated circuit contains a plurality of field effect 
type insulated gate transistors 206 which are 
arranged in a matrix shape. Each transistor 206 has 
its source electrode connected with the correspond- 
ing electrode 205, its gate electrode connected with 
a scanning line 208, and its drain electrode connected 
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with a signal line 207. Said integrated circuit further 
includes an X driver 199 connected with the column 
signal lines 207, and a Y driver 200 connected with the 
row scanning lines 208. The light shielding layer 196 
covers the transistors or PN junctions of the semicon- 
ductor film layer 193, whose characteristics are 
changed under the influence of an incident light, 
through the insulating layer 195. Incidentally, the drive 
method of the present light valve device is similar to 
that which has been described in the fifteenth embo- 
diment of the present invention. 

In the light valve device described above accord- 
ing to the present invention, if a colour filter is formed 
to correspond to each pixel electrode at the substrate 
or opposite substrate side formed with the semicon- 
ductor thin film layer, a colour image can naturally be 
displayed. 

As has been described hereinbefore, according 
to the present invention, the integrated circuit chip 
substrate, which is obtained by forming the pixel elec- 
trodes and the driver circuits integrally on the semi- 
conductor single crystal thin film formed over the 
carrier layer by the use of the semiconductor 
miniaturizing technology, is used to form the light 
valve device. As a result, there arises an effect that it 
is possible to provide a light valve device having a 
remarkably high pixel density. Moreover, another 
effect is to provide a remarkably small-sized light 
valve device because it can be made as small as the 
integrated circuit chip. A further effect is that a circuit 
having a variety of functions as high as those of the 
LSI can be easily added because the integrated circuit 
technology can be applied to the single crystal thin 
film layer. A further effect is that not only the switching 
transistors but also the driver circuits can be simul- 
taneously packaged by using a single crystal thin film. 
The light shielding film ensures the normal operation 
even if the incident light is intense. Furthermore, the 
light shielding film has a capacity between itself and 
the pixel electrodes to elongate the holding time of the 
signals written in the pixels and shields the electric 
field between the pixels to prevent the crosstalk be- 
tween the pixels, thus raising a prominent effect that 
the image quality of the light valve device can be 
highly improved. 

Figure 28 is a schematic enlarged section show- 
ing a video projector, using the light valve device 
according to a nineteenth embodiment of the present 
invention. The video projector 230 has three active 
matrix transparent light valve devices 231 to 233 built 
therein. A white light emitted froma white light source 
lamp 234 is reflected by a reflecting mirror M1 and 
then resolved into red, blue and green lights by a tric- 
hromatic resolving filter 235. The red light is selec- 
tively reflected by a dichroic mirror DM1 and is then 
reflected by a refiectding mirror M2. After this, the red 
light is condensed by a condenser lens C1 until it is 
guided into the first light valve device 231. The red 



light is modulated by the light valve device 231 in 
accordance with a video signal and is transmitted 
through dichroic mirrors DM3 and DM4. After this, the 
red light is magnified and projected to the front by a 

5 magnifying lens 236. Likewise, the blue light having 
passed the dichroic mirror DM1 is selectively reflected 
by a dichroic mirror DM2 and is condensed by a con- 
denser lens C2 until it is guided into the second light 
valve device 232. Here, the blue light is modulated in 

10 accordance with the video signal and is guided 
through the dichroic mirrors DM3 and DM4 into a com- 
mon magnifying lens 236. Moreover, the green light is 
transmitted through the dichroic mirrors DM1 and 
DM2 and is condensed by a condenser lens C3 until 

15 it is introduced into the third light valve device 233. 
Here, the green tight is modulated in accordance with 
the video signal and is reflected toward the magnify- 
ing lens 236 by a reflecting mirror M3 and a dichroic 
mirror DM4. Thus, those primaries thus individually 

20 modulated the three light valve devices are finally syn- 
thesized by the magnifying lens 236 so that they are 
projected in a magnified two-dimensional image on 
the front. The light valve devices used have a size of 
an order of cm so that the various optical parts and the 

25 white light lamp can be accordingly small-sized. As a 
result, the overall shape and size of the video projec- 
tor 230 can be made Tar smaller than those of the prior 
art. 

30 

Claims 

1. A semiconductor device having a support layer 
(2) with transistor elements (5-7) provided the- 

35 reon, characterised by a thin film layer (1) includ- 

ing a surface insulating film (3), a single crystal 
semiconductor thin film (4) disposed below said 
surface insulating film and having a source region 
(6), a drain region (7) and a channel forming reg- 

40 ion (5) for constituting each said transistor ele- 

ment, an insulating film (8) disposed on the side 
of the single crystal semiconductor thin film 
opposed to said surface insulating film for provi- 
ding a gate insulator, an electrode film (9) dis- 

45 posed on the side of the insulating film opposed 

to said single crystal semiconductor thin film for 
providing a gate electrode of each said transistor 
element and a back insulating film (10) disposed 
at least over the electrode film on the side thereof 

so opposed to said insulating film, said support layer 

being fixedly adhered in face to face relation with 
said back insulating film. 

2. A semiconductor device according to claim 1 
55 characterised in that said support layer com- 
prises a single layer (42) of an adhesive material. 

3. A semiconductor device according to claim 1 or 2 

20 
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characterised in that each said transistor element 
is connected by way of a through hole (16,32) in 
the surface insulating film with an electrode 
(17,31) formed over the surface insulating film! 

4. A semiconductor device according to claim 1 f 2 or 
3 characterised by an additional gate electrode 

(18) formed over the surface insulating film in 
alignment with the channel forming region of each 
said transistor element. 

5. A semiconductor device according to any preced- 
ing claim characterised by a light shielding film 
(20) arranged so as to cover at least the channel 
forming region of each said transistor element for 
preventing optical leakage current in the channel 
forming region. 

6. A semiconductor device according to any preced- 
ing claim characterised by a capacitor electrode 

(19) formed over the surface insulating film in 
opposition to the drain region of each said transis- 
tor element so as to provide a capacitor element. 

7. A process for manufacturing a semiconductor 
device characterised by a first step of forming an 
SOI substrate having a single crystal semicon- 
ductor thin film (22) laminated on a tentative sub- 
strate (20) through an insulating film (21); a 
second step of forming a semiconductor inte- 
grated circuit for said single crystal semiconduc- 
tor thin film; a third step of adhering a support 
substrate (24,25) fixedly in face to face relation 
with the surface of the semiconductor integrated 
circuit opposite the side of the tentative substrate; 
a fourth step of removing the tentative substrate 
to expose the insulating film to the outside; and a 
fifth step of subjecting the exposed surface of the 
insulating film to a treatment including at least the 
forming of an electrode. 

8. A process according to claim 7 characterised in 
that the first step of forming the SOI substrate 
includes thermally bonding a semiconductor sub- 
strate of single crystal silicon to the tentative sub- 
strate through the insulating film, and polishing 
the semiconductor substrate to form a thin film of 
the single crystal silicon. 

9. A process according to claim 7 or 8 characterised 
in that the first step of forming the SOI substrate 
includes depositing a silicon nitride layer as a sur- 
face treatment on the tentative substrate, and 
depositing a silicon dioxide layer by chemical 
vapour deposition to form the insulating film. 

10. A process according to claim 7, 8 or 9 character- 
ised in that the third step of adhering the support 



substrate includes releasing gas generated from 
the adhesive by way of through holes in the sup- 
port substrate. 

5 1 1. A light valve device comprising a drive substrate 
having drive electrodes (113) and drive circuits 
(114) for exciting said drive electrodes in res- 
ponse to predetermined signals; an opposed sub- 
strate (128) arranged opposite to said drive 

10 substrate; and an electro-optical material layer 

(127) arranged between said drive substrate and 
said opposed substrate, characterised in that said 
drive substrate includes a transparent insulating 
film layer (111) and a single crystal semi-conduc- 

15 tor thin film (112) formed over said transparent 

insulating thin film layer, said drive circuits 
include transistor elements (114) formed in said 
transparent insulating thin film layer, and said 
drive electrodes are integrally arranged on said 

20 single crystal thin film layer and electrically con- 

nected with said drive circuits whereby they are 
excitable by said drive circuits to act upon said 
electro-optical material layer for controlling the 
optical transparency of the same. 

25 

12. A process for manufacturing a light valve device 
having a semiconductor substrate, characterised 
by a first step of preparing a three layer substrate, 
in which a temporary substrate (151) and a single 

30 crystal semi-conductor thin film layer (112) are 

laminated through a transparent insulating thin 
film layer (111); a second step of forming pixel 
electrodes (113) in portions of said three layer 
substrate from which the single crystal semicon- 

35 ductor thin film layer is selectively removed, and 

forming said single crystal semiconductor thin 
film layer with drive circuits composed of switch 
elements (114) and driver circuits (131,132) for 
supplying signals selectively to said switch ele- 

40 ments; a third step of adhering a carrier substrate 

(122,123) on the surface of said three layer sub- 
strate which ts formed with said pixel electrodes 
and said drive circuits; a fourth step of removing 
said temporary substrate to expose said transpa- 

45 rent insulating thin film layer a fifth step of form- 

ing through holes in predetermined locations in 
said exposed transparent insulating thin film layer 
and forming a metal film (152) on the exposed 
surface of said transparent insulating thin film 

so layer; a sixth step of removing said metal film to 

form a light shielding layer for covering at least a 
portion of said drive circuits and forming an elec- 
trode pad connected with said drive circuits by 
way of :aid through holes to form said semicon- 

55 ductor substrate; and a seventh step of laminat- 

ing and adhering the surface of said 
semiconductor substrate formed with said light 
shielding layer and an opposed substrate formed 
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with a transparent electrode so as to leave a gap 
between said substrates and filling up said gap 
with an electro-optical material. 

13. An image projection system comprising a light 5 
source (234); a light valve device (231-233) for 
guiding light coming from said light source, said 
light valve device comprising a drive substrate 
having drive electrodes and drive circuits for exci- 
ting said drive electrodes in response to predeter- 10 
mined signals, an opposed substrate arranged 
opposite to said drive substrate, and an electro- 
optical substance layer arranged between said 
drive substrate and said opposed substrate; and 
an optical lens (C1-C3) for magnifying and pro- 15 
jecting an image on said light valve device; 
characterised in that said drive substrate of said 
light valve device includes a transparent insulat- 
ing thin film layer, a single crystal semiconductor 
thin film layer formed over said transparent 20 
insulating thin film layer, and a light shielding 
layer formed at that surface of said transparent 
insulating thin film layer which is opposed to the 
side of said single crystal semiconductor thin film 
layer, said drive circuit includes transistor ete- 25 
ments formed in said transparent insulating thin 
film layer, said light shielding layer is formed to 
cover the active portions of said transistor ele- 
ments, and said drive electrodes are integrally 
arranged on said single crystal thin film layer and 30 
electrically connected with said drive circuits so 
that they are excited by said drive circuits to act 
upon said electro-optical substance layer 
whereby to control the optical transparency of the 
same. 35 
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